Oil and Gas Pipeline (OGP) projects face a wide range of Risk Factors (RFs) at the design, construction and operational stages of the project particularly because of Third Party Disturbance (TPD) in the insecure environments. The lack of risk information and the root causes of pipelines' failures are hindering the efforts of managing these risks. Therefore, this paper aims to analyze the existing risk factors and recommend an effective Risk Mitigation Methods (RMMs) based on a holistic approach from the prospect of stakeholders' interest. An investigation was carried out to identify the critical RFs and existing RMMs in different circumstances to overcome the problem of the historical records about the RFs and RMMs. The findings of the literature review were used to design a questionnaire survey to analyze RFs and evaluate the "usability and effectiveness" of the RMMs. The RFs were ranked by using Risk Index (RI) method based on the probability and severity levels of each RF. The survey results revealed that sabotage and terrorism as part of TPD, corruption and insecure areas are the most critical RFs, whereas, anti-corrosion efforts, underground pipelines and technologically advanced risk monitoring systems are the most effective RMMs. These ranking are vary based on the occupation of the stakeholder in OGPs; like the planners and the researchers said corruption is the most critical RF, and the researchers said that the advance risk monitoring systems are the most effective RMM.
Introduction
Oil and Gas Pipelines (OGPs) projects must be planned, designed, installed and operated in ways that comply with the safety requirements. However, several risks are hindering the safety of these projects such as external sabotage, corrosion [1] , design and construction defects, natural hazards, operational errors and more risks [2] [3] [4] . Mitigating OGPs' RFs is a valuable knowledge because it minimizes the economic losses from disturbing the business of oil export; as well as, it ensures the safety of the projects' stuff and the people that live near the pipelines.
The efforts of mitigating OGPs RFs are significantly require verified historical records about the pipelines' accidents and failure reasons [5, 6] . Moreover, the probability of RFs must be accurately analyzed and ranked because dealing with each RF as the most severe risk results resources wistful. However, the existing risk analysis methods are not accurate enough to analyze the external sabotage of the pipelines when there is no database "historical records" about such risk [7] [8] [9] . Additionally, an accurate evaluation of the Risk Mitigation Methods (RMMs) in term of their degrees of "usability and effectiveness" degrees of mitigating the RFs helps the decision makers while they are considering their plans to mitigate OGPs' RFs. Accordingly, the inaccurate analyses of OGPs' RFs and inaccurate evaluation of the RMMs are hindering any efforts of risk mitigation in these projects. Particularly, in the troubled and developing countries because these highlighted problems are crucial and associate with OGP projects in these countries. Hence, there is a vital need to help the stakeholders to improve the safety for these projects by providing the required data for OGPs risk management such as the "probability and severity" levels of the RFs and the "usability and effectiveness" of the RMMs.
The aim of this paper is to analyze the RFs and evaluate the RMMs in OGPs projects more holistically and effectively base on qualitative documents analysis and a questionnaire survey. Moreover, the up-to-date data about the RFs and RMMs can help the stakeholders to improve the safety of GOPs continuously.
Iraq is selected as the case study in this paper because its oil reserves is the fifth-largest oil reserves in the world [10] . As well as, it are estimated that Iraq's gas reserves are amongst 10 th to 13 th largest reserves globally, in addition to vast potential reserves for further discoveries [11] . At the present time, a vast range of RFs threatens OGPs project in Iraq and the inadequacy of mitigating the RFs hinders the business of oil export which is in high demand after 2003.
Moving forward in this paper, section 2 consists a review about identifying pipelines' RFs and RMMs. Section 3 explains the research methodology. The results of analyzing the RFS and evaluating RMMs are interpreted in section 4. Section 5 discusses this paper' findings. Finally, section 6 shows the conclusions.
Identifying the Risk Factors (RFs) and Risk Mitigation Methods (RMMs) in OGPs Projects
Qualitative documents analysis were carried out to identify the RFs in OGPs projects in different circumstances, especially in the insecure countries. Thirty RFs were identified based on the findings of the literature review that are shown in Table 1 . These wide investigations helped to overcome the problem of data scarcity about the RFs in OGPs projects in Iraq. Accordingly, a number of RMMs was suggested to mitigate RFs like anti-corrosion and cathodic protection; laying the pipelines underground rather than aboveground; modern equipment to monitor the RFs; proper inspection and maintenance; proper training for the stuff about mitigation the RFs in their projects; avoid insecure areas; anti-terrorism planning and design; avoid the registered RFs; protective barriers; government-public cooperation; and warning signs near the pipelines and marker tape above the pipeline. Table 1 cannot give accurate information about the "probability and severity" of the RFs. As well as, the suggested RMMs need to be evaluated regarding their degrees of "usability and effectiveness" to mitigate the RFs in OGPs projects. Therefore, the filed investigations were required to analyze the contents of OGPs' safety in Iraq by distributing a questionnaire survey.
Methodology
An industry-wide questionnaire survey was designed based on the findings of the literature review (see Table 1 ) in order to analyze the RFs based on the perceptions of the stakeholders in OGPs in Iraq. In this survey, the RMMs will be evaluated too. The respondents were promised that the data will be anonymity analyzed.
The first question was asked about the occupation of the respondents in OGPs projects. The survey had two questions to analyze the RFs as follows. The first question was addressed to analyze the probability of occurrence of the 30 RFs on a five-point rating Likert scales which is "rare, unlikely, possible, likely and almost certain". The second question was analyze to evaluate the severity of the RFs on a scale "negligible, minor, moderate, major and catastrophic". Similarly, the survey had two questions to evaluate the RMMs as follows. The first question was asked about evaluating the usability of the RMMs on a scale "rare, unlikely, possible, likely and almost certain". The second question was about evaluating the effectiveness of RMMs on a scale "ineffective, slightly effective, moderately effective, very effective, and extremely effective".
The descriptive statistical analysis in Statistical Package for the Social Sciences (SPSS) software was used to determine the values of Risk Probability (RP) and Risk Severity (RS) for each RF by calculating the mean of the five point Likert scales. The degree of impact for each RF was found by using Risk Index (RI) method as explained in Eq.
(1) [19] . The RFs were ranked regarding their RI values. In the same way, the usability and the effectiveness of the RMMs were found.
Results
The survey was distributed online and it was targeting the owners, clients, researchers, consultants, planners, designers, and construction, operators, maintenance workers in Iraq's OGPs projects. 198 respondents from stakeholders have answered the survey's questions as shown in Fig. 1 , the majority of the participants were members of construction teams, followed by the operators, owners or clients, researchers or students and the less majority was for the consultants, planners and designers.
The Cronbach's alpha correlation coefficient factor was calculated to measure the reliability level of the survey [20, 21] . Commonly 0.7 indicates a minimum level of reliability [22] . Table 2 shows the Cronbach's alpha coefficient factor case processing summary. The reliability test is not applicable for question 1 because it was asking about the participants' occupation in OGPs projects. Based on the occupations of the stakeholder in OGPs projects in Iraq, Table 3 , Table 4 and Table 5 show the results of calculating the RP, RS and RI of each RF respectively. Table 6 shows the ranking of the RFs based on their values of RI. The usability and effectiveness of the RMMs are shown in Table 7 and Table 8 respectively. Please note in these tables means the whole participants; (I) means the consultants, planners and designers; (II) means the construction workers; (III) means the operation and maintenance workers; (IV) means the owner and client; and (V) means the researchers. Total  I  II  III  IV  V  Terrorism & sabotage  1  3  1  1  1  2  Corruption  2  1  2  3  2  1  Insecure areas  3  7  7  2  7  4  Lawlessness  4  4  3 
Discussion
By using the RI to rank the RFs, the overall results of the survey show that the terrorism and sabotage, corruption, insecure areas, lawlessness and thefts are the most critical RFs in OGPs projects in Iraq. Nevertheless, the ranking of the RFs is quite varied deepening on the occupations of the stakeholders. Regarding the planners, consultants and designers perceptions corruption, low public legal and moral awareness, sabotage actions, lawlessness and improper safety regulations are the top five RFs that influence the pipeline projects. The stakeholders who are working in the construction filed have ranked the top five of RFs as follows. Terrorism and sabotage actions, corruption, lawlessness, corrosion and lack protection against it, thefts and the stakeholders are not paying proper attention. The operators have come with different ranking as follows. Terrorism and sabotage actions, insecure areas, corruption, thefts, and the pipelines are easy to access. The projects' owners and clients have said that the terrorism and sabotage actions, corruption, lawlessness, corrosion and lack protection against it, and the exposed "aboveground" pipelines are the top five RFs. The participants from the academic field indicated that corruption, terrorism and sabotage actions, corrosion and lack protection against it, insecure areas and low public legal and moral awareness the most critical RFs.
Regarding evaluating the RMMs by their degree of usability, the overall results of the survey indicate anti-corrosion such as isolation and cathodic protection, move to an underground pipeline and protective barriers and perimeter fencing are the RMMs with the higher chance of usability in OGP projects in Iraq. The planners, consultants and designers have another point of view, which is anti-corrosion such as isolation and cathodic protection, move to an underground pipeline, and proper training are the mitigation methods with the higher rate of usability. Anti-corrosion such as isolation and cathodic protection, move to an underground pipeline and avoid "Insecure-Zones" are the more useable methods as construction said. The operators came with a different observation that is like this anti-corrosion such as isolation and cathodic protection, move to an underground pipeline and protective barriers and perimeter fencing are the most useable methods. Which slightly different for the owners and clients observations that are as follows: the methods of the higher rate of usability are anti-corrosion such as isolation and cathodic protection, protective barriers and perimeter fencing and move to an underground pipeline. The researchers said that the anticorrosion such as isolation and cathodic protection, proper training and protective barriers and perimeter fencing are the most usable risk mitigation methods.
The result of evaluating the effectiveness of the RMMs are anti-corrosion such as isolation and cathodic protection, move to an underground pipeline and high technology and professional remote monitoring are the most effective RMMs. However, move to an underground pipeline, anti-corrosion such as isolation and cathodic protection and proper training are the most effective RMMs as the consultants, planners and designers said. Which is different from the observation of the construction teams that are as follows. Anti-corrosion such as isolation and cathodic protection, high technology and professional remote monitoring and avoid "Insecure-Zones are the most effective RMMs. The opinion of the operators is like that anti-corrosion such as isolation and cathodic protection, move to an underground pipeline and high technology and professional remote monitoring are the most effective RMMs. Which is different from the opinions of the owners and clients as they said anti-corrosion such as isolation and cathodic protection, move to an underground pipeline and anti-terrorism design are the most effective RMMs. The researchers think like that high technology and professional remote monitoring, anti-corrosion such as isolation and cathodic protection and proper training are the most effective RMMs.
The survey results were found to be reliable as all Cronbach's alpha coefficient factor values are above 0.7, as explained in Table 2 . Collecting the required information from various and trusted sources such as research articles and stakeholders provides real information for OGPs risk management. However, it depends on the availability of such documents and the willingness of the stakeholders to cooperate with the authors. Analyzing the RFs and evaluating the RMMs based on the perceptions of the stakeholders could reduce the time and the cost of the investigations and increase the stakeholders' awareness about their responsibilities regarding OGPs risk management. As well as, it helps to analyze OGPs RFs more realistically and to identify the positive and negative recommendations about RMMs in a way that ensure the continuity of pipeline security. Because the perceptions of the stakeholders are based on real experience about OGPs issues. Furthermore, correct sampling and representing the whole stakeholders' categories enhances the results of RFs analysis and RMMs evaluation.
Conclusion
There is a need for an accurate analysis of OGPs RFs because the external RFs have not been accurately analyzed yet. The overall results of the survey showed that the external risk factors like terrorism and sabotage, corruption, insecure areas, lawlessness and thieves were found the most critical risks in OOPs projects in Iraq. Avoid "InsecureZones, anti-terrorism design and avoid the registered risks and threats were found as the most usable risk mitigation methods. Meanwhile, anti-corrosion such as isolation & cathodic protection, move to an underground pipeline and high technology & professional remote monitoring were the most effective risk mitigation methods. While, regarding their occupations in OGPs, the stakeholders in OGPs have different perceptions about this ranking. This paper provided verified information about risk factor and risk mitigation methods such identifying the risk factors, analyzing the factors' "probability and severity" and evaluating the "usability and the effectiveness" of the risk mitigation methods. Such information could the help organizations and countries that just began to mitigate OGPs risk factors more effectively and to provide useful recommendations for their actions and plans about OGPs risk management in the insecure countries such as Iraq.
